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(57) Abstract 

PURPOSE: To enable sintering even at a low temp, by 
using Pb-contg. ceramics having a specified average 
grain size and a specified grain size distribution and 
to obtain a piezoelectric element material having 
improved piezoelectric characteristics of piezoelectric 
ceramics by controlling the fine structure of the 
Pb-contg. ceramics. 



CONSTITUTION: This piezoelectric element material 
contains Pb-contg. ceramics having CXS-S^m average 
grain size and a grain size distribution in which s 90wt% 
grains are within the range of 0.5-5^171. The basic compsn. 
of this material is preferably represented by the 
general formula Pb 1 _ x Sr x <Mg ly3 Nb2^) a Ti b 2r c 0 3 (where 
a+b+c=1, 0.20sas0.30, 0.30sbs0.45, G\30scs0.40 and 
0.01sxs0.20) and 0.01-0.2wt.% Fe 2 0 3 is preferably 
added to the basic compsn. 
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mm s * * x fc* <^sifi*fe^a^T 

[fltft] E«-fe 5 3 y * X»* fc UT»SE#J Pbo.. 
Sro.i (Mgi/i Nb2/i ) o.:si Tio.jaZr 

0.3 8 5 , JkXfVb (Nil/3 Nbj/j ) o.4sTie.ssZ 

0. 6 mmCDvJl/n -7X5i:*(C, 

as*, i£«ibfc. *ffl*fl^Tasi3 

nun, JPS3Blaaon«tt©****#»U 

•ws rawest-*. 



—133- 



1* 

I 



1 

«5y*X«WMMMfiff**0. 5- 

±0. 5 — 5 Min^)BfC»*1"4Pb*-fc7Sy^X* 

[**B 2 ] ^itt Att&«t 1 - 3 *t mT* D , *o 
j»BTft»*88«ttW7 5**XfiUtl*-3 /im^D 
IB «Pb*«Sy« ft * frW*# 1 MEft 

[■T**3] EWfT*ffMWK*-iRStPbi-, Sr 
. (Mgi/i Nbi/i) a Tii Zrc Os T^$n, 

«I.bA-hB + C=l) 
0. 20^0, 3 0 
0. 30£B£0. 45 
0. 30^C^0. 40 
0. 0 l£x£0. 2 0 

t»ar*»*iw**«»tr i *fc« 2 k 

E«CDJEm*WM*. 

C»*^4] Fe* Os £0. 0 1-0. 2S*96<Z) 

m&ms] ^-ft^pb (Nii/i Nbi/i ) 

a Tli Zrc Oj T^StU «IbA+B + C = l) 
0. 40^0. 5 5 
0. 1 5£B£0. 3 0 
0. 1 OSC^O. 3 0 

C»*^6] Fei Oi $0. 0 1-0. 5ttXQ 

[»2ft9(7] a^dt-JftSPbi-i Sr, (Nii/i 
Nbi/i ) a Tii Zrc Os XzkZtl, «&bA + B 
+ C=1) 

0. 3 5£A£0. 5 5 
0. 1 5£B£0. 4 0 
0. 1 5£C£0. 40 
0. 0 l£x£0. 1 0 

ftMsr^amtft^A^bi-^ir^K 1 2 *c 

E«<DJE«*Ttf», 
[IRA38] Fe» Os tO. 0 1-0. 511^ 

M*S9] -KiSPb (Nim Taj/3 )« Ti 
c Zr 0 Oj VTikZtU «IbA + B + C=l) 
0. 2 5^A^0. 4 5 
0. 2 0£B£0. 3 5 
0. 20£C£0. 40 

X, Pb 7/W&y±««Rt»±«5c* 
Oft*^6aHftfc^ft<tt>HioA«"C0. 0 1- 
0. 2*;VX«ftU J&oMjayfrfcbT. Fei O* £ 
0. 0 1-0. 5a«X#ft*-&fcI»*Bl*fctt2fc 



(2) 4$B8¥-7- 2 7 7 8 2 2 

[»#*10] W-fiSPbt-i Sr. (Mg 
1/3 Nbi/i ) a (Nii/ 3 Nb a / 3 ) i Tic Zro 
Os Sfcte* PbiM Sr, (Mgi/s Nba/a) 
a (Nit/i Tai/j ) . Tic Zr D Oa tfcttPb 
(Nii/a Nbi/j ) a (Nit/s Taj/i ) i Tic 
Zro Os "C^Stl, (fiUfB + C+D=l) 
0. 0 5£A£0. 5 5 
0. 0 5£B£0. 5 5 
10 0. 15£C£0, 3 0 
0. 1 5£D£0. 3 0 
0. 0 l£x£0. 20 

ft<tt>l«*0. 01-0. 5S4X, 2fetfFe» o 

s to. 05-0. sMxauw-Mrbrasiftwai 

[BAB 11] »#®TOttT«**0. 4tfmHT 
T, *Oft9E»*c7)i|^^^fjE^tt^g(0 2m 

iwiiw»*i:bTjBv>. jRimimMtskiibT^ 

7 5s/^^O^«S&^0. 5-5 Atm, ^Oiffi 
¥«8i«DSW9 0I«HJ:0. 5-5 * mONHc: 

[B#9l 1 2 ] »*m^©^^»#Ojt©#«(7) 4 
[000 1] 

JMfrfe >*- , U -77Kt *4>*«*?«4) 
[0 0 0 2] 

40 y£*fcbTtt, S£#<fc0Pb (Ti, Zr)0 5 -JS 
Pb (Mgi/j Nbi/i ) x Ti, ) ZrOs = 
J&#S* Pb (Zni/3 Nba/j ) a (Sni/i Nb 
i/i ) . TiCZrD: Ba^»tUWJ:Da%-b:9^ 

0, K»«%v>tt(Ktt»3lc*^0»KlcJS«bfeCD 

*aT*«bTfMi*n*. ctts##<oE«-fe5 

50 X-*-, «Sy>7-f;W, JE*^1f-. JE*&* 
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3 

ft, ««HB»?«:ifflE>«3ftR:»if»snTVJ*. 
[0 0 0 3] 

*HU *Ofls«J:Pb003IB8^2*»Oft«tea!#«* 

nr. +»*flD*»***»^4»tte5Rt--fe5sy^x*j 

#o fc-fe 9 5 y 9 7 £»*fc«> fc&Kfc z. <hT&«5. 
C0 0 0 4] *J8Wtt, «rts«e*©wa€»»r*& 

<SfiTt>«SfeT#, *©WB»JBftMHIL/TJEE«-fe 
9 5 * 9 7 <DJE«ft£: fc|fl]± LfefiE«*T-#»ftt)!-tC9 

[0 0 0 5] 

ft, *»WOJE«*T#»»*, *55y^XO¥ttH8* 
#9 0MXflU:0. 5-5 tfm0Wc$MSrsPb» 
[0 0 0 6] MfilMifcfc^Ttt, ¥***ttS3»*l- 

[0 0 0 7] *fclWa»*fc*ViTWU £E««?«Kft 
^t-jRSPbi.: Srx (Mgt/s Nbi/3 )a Ti 
i Zrt Oj «IUA+B + C=1> 

0. 2 0SA30. 3 0 

0. 30£B£0. 45 

0. 30SC30. 40 

0. 0 l£x£0. 2 0 

[0 0 0 8] S&MIBfcjStefc^TB:, Fej Oa $ 
0. 0 1-0. 2 21%<D«fflSm*:WJl 
Vi. *fc1»B*l«lc*^Ttt, Jfi^-jKiCPb (Ni 
i/j Nbi/j )» Ti. Zrc Oj TTSSfU (fit A 
+ B + C=1) 
0. 4 0SAS0. 5 5 
0. 15£B£0. 30 
0. 10£C£0. 30 

[0 0 0 9] *fc«fE**fc*ViT»4, F e 2 O3 * 
0. 0 1-0. 5MX©«JB#fcSl«CfcjWf*U 

r, (Nii/3 Nbi/i ) a Ti« Zrc Os 
tl, (§U + B + C-1) 

0. 3 5^0, 5 5 

0. 1 5£B£0. 40 

0. 15£C£0. 40 



(3) WM¥7-2 7 7 8 2 2 

4 

0. 0 l^x£0. 1 0 

[0 0 10] *fcttE«/«te*VJTtt, F e i Os £ 
0. 0 1-0. 5**X<D«SB#**-tt«2:i^ff*U 
V>. *fclUE«l/KlC*WTtt, -«^Pb (Niw, T 
aj/j ) 1 Tic Zro Os Tift * ft, «1LA + B + 
C=l) 

0. 2 5£A£0. 4 5 
0. 2 O^B^O. 3 5 
10 0. 20£C£0. 40 

(D^*>^sa«n^:*^:<<h , fciacD^ST0. 0 1- 
0. 2W%M&h, *t?|Bri8»tbT, Fes Os £ 
0. 0 1-0. 5fi*%#ft£tt*;i£#ff£bU>. 
[0 0 11] *&JttB««fc4i^Tt3u ifc/3»t-#:5£P 
bi-« Sr. (Mgi/i Nbj/i ) a (Nit/a Nb 
1/8 ) b Tic Z r D Os &tt\t* P bi-x S ri (M 
gi/aNbi/s ) a (N i 1/3 Tai/a ) ■ Tic Zr 
2? 0 Os $fc«Pb (Nii/s Nbi/s )a (Nii/ 3 T 
aa/a )i Tic Zro Oj T^n, <fibA+B+ 
C + D=l) 

0. 0 5£A£0. 5 5 
0. 0 5£B£0. 5 5 
0. 1 5£C£0. 3 0 
0. 1 5£D£0. 3 0 
0. 0 l£x£0. 2 0 

55 tt<it>l«*0. 01-0. Sfi**, RffFea O 
s &0. 0 5-0. 6m*X«to**LTft*iIfcrt«# 

[0 0 12] fttZ*XnOfi£«3R7molt3B#tttt. 

»*©^tt^«)»«0. 4Mm£TFT, ^WEIM*© 
tt^*3WinWttttT«0 2#&±CD*££<B|M L <Z) 

tte* 7 £*%£U^tr»»# *1MIMBWWtb. LT 

AttStfO. 5-5 urn. *OttE¥Stt«©«ff*t9 
OMXfiUO. 5-5/im<7)M^^TaPb^i:5 

[0 0 13] IMBWUSfcfeVJ-ctt, 
[0 0 14] 

75y**©¥$lSA*fc«*<0. 5-5MmT»0,* 
^ ttrB¥«tt«©tt-? ** 9 0 **X a J: 0 . 5 - 5 m m 

50 ©Wfc^rSPbJR^S^^XS-S-tPClfcfciD, 
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5 

Ett55y^XOE«Wt, &fc*HE««*d«© 

CO 0 1 5] iSEKfe^T, ¥^Mi^l-3^m 
1 - 3 m m<Z> |B»C»*r * P b Sir 5 5 y £ X *£tf fc 

CO 0 1 6] SftttEtefcHT, EtJTOtmft/**'- 
«*Pbi-« Sr. (Mgi/i Nbi/j ) a Tii Zr 
c Os T^SfU <&LA + B + C=1) 
0, 2 O^A^O. 3 0 
0.' 3 0£B^0. 4 5 
0. 30£C£0, 40 
0. 0 l£x£0. 2 0 

fccfcfttf, ^E^^Mfy^ 7x-fX /t*>^y« 

CO 0 1 7] *J&J9EfcfcHT\ Fei Oa fcO. 0 1 
-0. 2«*XO«H»a£S1i'*iVi3JIF*Lmijafc: 

CO 0 1 8] SfcttEWatetiViT, «aE*«HRitP b 
(Nlws Nbi/s ) k Tii Z rc Os TjftSn. 
(fflUA + B + C=l) 

0. 40£A£0. 5 5 

0. 1 5£B£0. 3 0 

0. 10SC30. 30 

K*ftH, Mfyjr 7x^fX /W^yf* 

kp 2H*kji****<, ' JE*3£Bkdu©l6»*o**ft 

CO 0 1 9] *ftttE(c:6V*T, Fei Oa £0. 0 1 
-0. 5«*XO«HSftS*SfcVi5ff*UVi«|ja6t 

CO 0 2 0] £fc*J1E#i«fCfcViT, ^J-^Pb 
i-« Sr« (Nli/s Nbi/3 ) aTI. Zrc Oj T 
i^SfU «£LA + B + C= 1) 
0. 3 S^A^O. 5 5 
0. 1 5£B£0. 4 0 
0. 1 5£C£0. 4 0 
0. 0 l£x£0. 1 0 



(4) »M^7-2 7 7 8 2 2 

6 

0, E*eftd3i(9fB»«^«A:«f»«« 

CO 0 2 1] *fcjttEte*ViT» Fei Oi £0. 0 1 

-o. smmxvmmft&z^zt^msL^m&tz 

CO 0 2 2] *&j|JEIC*^T, -«aPb (Nit/j 
Taa/i ) • Tic Zr 0 Os T^$n, ({iLA + B 
+ C=1) 

0. 2 5£A£0. 4 5 
0. 20£B£0. 35 
0. 20£C£0. 40 

T, Pb r^*U±«4li*W»±«Bc» 

oa:*^satfnfc^&<i:%iaflo*jpn?o. 01- 

a? 0. 2*A*«*U *r>lW»i:bT* Fei Os « 
0. 0 1-0. 5IlX9S»«iMJf*Ui*« 

» ifctfkst E«£ftdiiflDfBjl)t«CDA«73:«r 

CO 0 2 3] *&j»BtC«ViT, IfijStf-ttSCPbi-. 
Sri (Mgi/j Nba/s ) a (N i t/s Nbj/s ) i 
Tic Zr B Oi Sfcli, Pbi-i Sr. (Mgi/a N 
bi/s ) a (Ni:/i Tai/j )i Tic Zr D 0 3 I 
» fcttPb (Nit/, Nb 2 / 3 ) A (Niwi Taj/j ) 
1 Tic Zro Os TSSfti (®bA + B +C + D = 
1) 

0. 0 5£A£0. 5 5 
0. 0 5£B£0. 5 5 
0. 15SCS0. 30 
0. 15^D£0. 30 
0. 01^x^0. 20 

40 &<£fcl«£0. 01-0. S»Fei O 

$ to. 05-0. smrnxmrntthTttsttovK 

*Hr»Rj«lc£tifi£ ttB&MIL E*SftdaiOl6^ 

CO 0 2 4] ^i'*^K<7)E**^^CDaBS^ft<D« 
^ttE»*©«UE»*dJmE^tt?8o 2&&±<D± 
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(5) 

7 

CO O 2 5] iM3fc*Wr, »#««<3^#»#<Z)X 

ft««rc»*«>-c, ^Httican, ikVhftsstjij^T 

O W«f MtttJ^ rn^TT* 0 , «-ftttJft J: 

Dfta^ifcTfcOjWfSbK *©**a*9 7 

xet±T»i3, »ft£&<^£^£ft^£5fcm»£# 

[0 0 2 6] 

-^ItbTPbt.i Sr< (Mgi/s Nbi/i ) a Ti 
i Z r c Os P b (N 1 i/s N bi/a ) a T i 

-B Z rc Os *W4Pb (Nii/i Taa/i ) a T i 2? 
i Zrc Oa (flU + B + C«l) T?R$n, *Wi 
Pbt-« Sri (Mgi/3 Nbi/i ) a (Nii/iNb 
a/s )i Tic Z To Oi S&tt, Pbi-i Sr, (M 
gi/s Nba/a ) a (NIt/j Taa/i ) i Tic Zr 
o Os £fctePb (Nil/a Nba/a ) a (Nlt/j T 
aa/a ) i Tic Zr. Oa «&bA + B + C-fD = 

i) T^$n, cn6«nxflDttiitttfi±^ fflUTt 

£ xfttff * c t fc*eoi8Wr»««41'* z: i 
U-ftfl!^ 

< SEATb £ 5 * 5 ftH»»*« V> -5 yi)- 
<0**^*>iS&£W£b-C, X^U-oyjWfc«R< 

CO 0 2 7] *«W<D-fl*5R-rfc, JE«-W£y#X 
»*t b"Ctajfi**P b o. 9 Sro.i (Mgt/ 5 N 



WMW7-2 7 7 8 2 2 

8 

ba/s ) 0.365 Tio.iiZro.346 v RZf? b (N i 
i/a Nba/a) o.uT io.ssZro.a Oa ft £Kft&5£ 

»0. 2umfc»»bfcO*fa»S*, ifi&bfc. 

©*HW**ft«u ffi*^^taa[^Dt)(£ST2^w 
ttAu ««e*i«*«(»ba:Em-fe5 5y*x*Bifir 

CO 0 2 8] MKTOWMIMWB. e : R« 

[0 0 2 9] (ttm> MWfcfcbTPbO. Sr 
COa , MgO, Nba Os , TiOa , ZrOa 

iftjES«jgi*o«ta(cfts«fca(cb^. 

ICE^bfe®^»*JC«7k&t;»«^J^iD^TX7 

»*<z>¥^&&te u-vttttMtem-cm o fta< e , 

#m«£t>0.2 mid KTftaj:3K:bfc. SSnfcig^ 

SO. 6mm0D^jU3r73E^ift^ 
RtMcfclD*., ¥^&^g*?J0. 4amflmctM»b 
fc. ^«W<ofe»|&^cD^^v^ft^^«:^goaft 

©tt£&a2-&T&&b&. c<7?»*£, *a*«viT 

SCSI 3mm, J»a»lmOn««Ojfi»«:t#||b. d 

&. *a • K SaKtt3 0 O^/h***. 
K»(OMffilCCr-Au<0***a$ft^b, *0*1 2 0 

t:o^U3>*^;u*TW*BMfc:3kv/Ba <Dfem*ft 

[0 0 3 0] 

«1] 
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(6) 



#§8^7-2 7 7 8 2 2 



10 



Pb, 




CMg 1/3 Nb,/, ) A Ti fl Zr c 


°3 






No. 


X 


A 


B 


C 


mm 

a m 




k P 
% 


n/Y 


mm 

u m 


* t 


0. L 


0. 255 


0.4 


C. 345 


0. 37 


4853 


54. 3 


-2. 25 


2. 5 


* 2 


0. 1 


0. 255 


0. 155 


a 35 


0, 36 


5042 


57. 8 


-2. 44 


2. 4 


* 3 


0. 1 


0.255 


0. 3* 


0. 355 


0. 33 


5350 


60. 9 


-2. 85 


2. 9 


t 4 


0. 1 


0. 255 


0. 3 S 5 


0. 36 


0. 39 


54T0 


65. 7 


-3. 28 


2. 1 


♦ 5 


0. t 


0. 255 


d. n 


a 365 


0. 37 


53 20 


66. 5 


-3. 27 


2. 5 


* 6 


0. 1 


0. 255 


0. 375 


0. 37 


0. 38 


45 7 0 


66.2 


-3, 02 


2. 4 


* 7 


6. 1 


0. 255 


0.37 


0. 375 


0. 37 


3150 


63. 2 


-2. 35 


2. 5 


* 8 


9. 1 


0. 255 


0.365 


0. 38 


0. 36 


3160 


60. 6 


-1. 74 


2. 4 


* 9 


0. 05 


0. 255 


0. 33 


0. 385 


0. 33 


U80 


64.0 


-2. 32 


2. 9 


*10 


0. 15 


0. 255 


'o, 38 


0, 365 


0. 33 


3300 


65. 5 


-I 16 


2. 9 


11 


0. 25 


0. 255 


0. 38 


0. 365 


0. 33 


4*90 


65.2 


-3. 12 


2. 8 


*L2 


0. 1 


0. 255 


9.38 


0.365 


0. 22 


S303 


67.7 


-3. 53 


1. 5 


U3 


D. 1 


0. 255 


0. 38 


0.365 


0. 63 


5218 


66.6 


-3, 42 


2. 4 


U 


0. ! 


0. 255 


0.38 


0. 365 


L 0 


5342 


63. 3 


-3. 22 


3. 9 


15 


0. 1 


0. 255 


0.38 


0. 3(5 


3.2 


5971 


59.9 


-2. 96 


5. 1 



C0 0 3 1] (SI) *6W6*a±5»C. *%W<DE. 
«ir7£y£*«, ffl-<D5fij«<ONo. 12 -No. 14 CDUT 

ft<Dm&#mzwLThft±tf&p>nz. **js«ht so 

fcJcO* 12 0 Ota>««Tife*T«, fflSMfcoMW 

±LTH<5. *&, W»5Rtt«*t0.22an <BNo.l2 & 
tf0.63Mn <ONo,13 tt*©TOtt^80 2«fiU:©** 

* owttnttm&^tueft 3wtx, 6wt %sk±.r$) 

9, No. 14 , Mo. 15 0\t*n?tLSvrt%l 3wt%X 
g£> 2 ««±CD*** tt**« 7 w t %&±.<Dft 

»#*6ft«u&Ko.i4 , Ruto.is » % mmmmom 40 

C0 0 3 2] 0WB«I2) JKWWEtLTPbO. S r 
C0 3 , MgO, Nbi Oj.TIOj, 2rOj , F 
ei Os £#V>, &j£teSS2£<Dj:5iC7££>i;5fCL 



TS3Dfca**u £ffiJE£<hfc0.2 mid &Tfc -5 «fc 3 b 

tfmttTfc»*Lfc. Cin*«:«$i3-ttie^(DiE»»^ 
Jl©»***»;W>y-4:^fc*-ff, 500 

ViTBgl 3mm, mtH3 ln<DnSVtO&»»^U 
U Cft*«K£T2BSIH^U BE*-fe5 5y^X* 
ffBl/fc. #» 3 0 OTC/hT»*. * 

fc. #^K*KOHBfffcCr-Au©aS*««*##U 
ft 1 2 0 t03/U 3 >:*-f JWVMKUmz 3 kV/aim 0 

fc. ^©Kfiic^tix, flE«4»tt*»£U ^SEM 

— t7hm\z&r) bttbtt. m&&&* (82) fcs 

-t. 

[0 0 3 3] 
»2] 
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(7) 



#BS¥7-2 7 7 8 2 2 



11 



12 



Pb Afl Sr ni (M fm Nb !/a ) A Ti 8 ZrCOj, 






Ho. 


y 


"r 

A 


B 


C 


fi m 






d xUf 10 
31 

n/Y 


fi tn 


* i 


0 


0. 255 


0. 31 


0. 365 


0.37 


51)0 


63.7 


-3.06 


:. 5 


* 2 


0.05 


0. 255 


0.3! 


0. 365 


0. 36 


5420 


64.9 


-3. 38 


2.4 


* a 


0. 1 


0, 255 


o. n 


0. 365 


0. 33 


S3 SO 


65. 2 


-3. 40 


2. j 


* 4 


0. 15 


0. 255 


0. 38 


0. 365 


0.39 


5270 


64. 7 


-3. 29 


2. 1 


* 5 


0. 2 


0. 255 


0. 31 


0. 365 


0.37 


5L 20 


62.5 


-3.27 


2.5 


* 6 


0. 25 


0. 255 


0.38 


0. 365 


0.36 


5O50 


61.5 


-3. 02 


2. 4 


* 7 


0. 1 


0.255 


0.4 


0. 345 


0. 37 
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(54) PIEZOELECTRIC ELEMENT MATERIAL AND ITS PRODUCTION 
(57) Abstract : 

PURPOSE: To enable sintering even at a low temp, by using Pb-contg. ceramics 
having a specified average grain size and a specified grain size distribution and 
to obtain a piezoelectric element material having improved piezoelectric 
characteristics of piezoelectric ceramics by controlling the fine structure of 
the Pb-contg. ceramics. 

CONSTITUTION: This piezoelectric element material contains Pb-contg. ceramics 
having 0.5-5[muJm average grain size and a grain size distribution in which 
Cge]90wt.% grains are within the range of 0.5-5 [mu]m. The basic compsn. of this 
material is preferably represented by the general formula Pbl-xSrx (Mgl/3 
Nb2/3) aTibZrc03 (where a+b+c=l, 0 . 20<=a<=0 . 30 , 0 . 30<=b<=0 . 45 , 0 . 30 <=c<=0 . 40 and 
0.01<=x<=0.20) and 0.01-0.2wt.% Fe203 is preferably added to the basic compsn. 
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CLAIMS 



[Claim(s) ] 

[Claim l]The piezoelectric-device ingredient containing Pb system ceramics which 
the diameter of average crystal grain of the ceramics is 0.5-5 micrometers, and 
is distributed while the particle of said mean particle diameter is 0.5-5 
micrometers 90 % of the weight or more. 

[Claim 2] The piezoelectric-device ingredient containing Pb system ceramics which 
the diameter of average crystal grain is 1-3 micrometers, and is distributed 
while the particle of said diameter of average crystal grain is 1-3 micrometers 
75 % of the weight or more according to claim 1. 

[Claim 33 A piezoelectric-device ingredient presentation is general formula Pbl-x 

Srx A TiB ZrC O (Mgl / 3 Nb 2/3)3. It is shown (however, A+B+C=*l) , 

The piezoelectric-device ingredient according to claim 1 or 2 which uses as a 

principal component the basic presentation with which are satisfied of 

0 . 20<=A<=0 . 300 . 3 0<=B<=0 .450 . 30<=C<=0 . 400 . 01<=x<=0 .20 . 

[Claim 4]Fe 203 0.01 - 0.2% of the weight of piezoelectric-device ingredient 
according to claim 3 which recognizes range existence. 

[Claim 5]A presentation is general formula Pb{nickell / 3 Nb 2/3) A TiB ZrC 03 . 
It is shown (however, A+B+C=l) , 

The piezoelectric-device ingredient according to claim 1 which uses as a 
principal component the basic presentation with which are satisfied of 
0 . 40<=A<=0 . 550 . 15<=B<=0 . 300 . 10<=C<=0 . 30 . 

[Claim 6]Fe 203 0.01 - 0.5% of the weight of piezoelectric-device ingredient 
according to claim 5 which recognizes range existence. 

[Claim 7] A presentation is general formula Pbl-x Srx A TiB ZrC O (nickell / 3 Nb 
2/3)3. It is shown (however, A+B+C=l) , 

The piezoelectric -device ingredient according to claim 1 or 2 which uses as a 
principal component the basic presentation with which are satisfied of 
0 , 35<=A<=0 .550 . 15<=B<=0 .400 . 15<=C<=0 .4 00 . 01<=x<=0 .10 . 

[Claim 8]Fe 203 0.01 - 0.5% of the weight of piezoelectric-device ingredient 
according to claim 5 which recognizes range existence. 

[Claim 9] General formula Pb (nickell / 3 Ta 2/3) B Tie ZrD 03 It is shown 
(however, A+B+C=l) , 

at least one sort of metals chosen from alkaline earth metal and rare earth 

elements in a part of Pb to the piezoelectric-device ingredient which uses as a 

principal component the basic presentation with which are satisfied of 

0 .25<=A<=0 .450 . 20<=B< = 0 . 350 .20<=C<=0 .40 -- 0.01-0 . 2-mol % -- permuting -- and 

as an accessory constituent -- Fe 203 Piezoelectric-device ingredient according 

to claim 1 or 2 whose 0.01 - 0.5 % of the weight was made to exist. 

[Claim 10] A presentation General formula Pbl-x Srx A (Mgl / 3 Nb 2/3) B TiC ZrD O 

(nickell / 3 Nb 2/3) 30r Pbl-x Srx A <Mgl / 3 Nb 2/3) B TiC ZrD 03 (nickell / 3 Ta 

2/3) Or Pb (nickell / 3 Nb 2/3) A B TiC ZrD 03 (nickell / 3 Ta 2/3) It is shown. 

(However, A+B+C-*-D=l) 

They are 0.01 - 0.5 % of the weight, and Fe 203 as an accessory constituent to 
the piezoelectric-device ingredient which uses as a principal component the basic 
presentation with which are satisfied of 

0.05<=A<«0.550.05<=B< = 0.550.15<=C<=r0.300.15<=D< = 0.300.01<=x«0.20 about at least 
one sort chosen from the oxide of rare earth elements. Piezoelectric-device 
ingredient according to claim 1 or 2 which comes to carry out addition content 
0.05 to 0.5% of the weight. 

[Claim 11] The pulverized coal in which the mean particle diameter of fine 
particles is 0.4 micrometers or less, and the particle size distribution of said 
fine particles contain the rate of a particle twice [ more than 3 the magnitude 
of said mean particle diameter 7% of the weight or more is used as charge fine 
particles of sintering Maebaru. The manufacture approach of a 

piezoelectric -device ingredient that the diameter of average crystal grain of the 
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ceramics obtains the piezoelectric-device ingredient containing Pb system 
ceramics distributed while the particle of 0.5-5 micrometers and said mean 
particle diameter is 0.5-5 micrometers 90 % of the weight or more by sintering 
the charge fine particles of sintering Maebaru. 

[Claim 12] The manufacture approach of the piezoelectric-device ingredient 
according to claim 11 the volume of a fine-particles medium is a 4 or less times 

[ of the true volume of fine particles ] amount, add and grind a dispersant, and 
using the minute ball 0.6mm or less. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to piezoelectric-device 
ingredients, such as electrostrictive ceramics, electrostriction ceramics, etc. 
which are used for applications, such as pyroelectric elements, such as 
piezoelectric devices, such as positioning of a precision instrument, an 
electrostrictive actuator for video auto tracking, a ceramic filter, and a 
ceramic radiator, an infrared sensor, and an linear array sensor. 

[0002] 

[Description of the Prior Art] As the f erroelectrici ty ceramics or 

electrostrictive ceramics, it is Pb(Ti, Zr) 03 from the former. Binary system and 
Pb(Mgl / 3 Nb 2/3) xTiy Zr03 Three-component system and Pb(Znl / 3 Nb 2/3) A B 
TiCZrD3 (Snl / 3 Nb 2/3) There is a ceramic ingredient which consists of a 
quaternary system presentation etc. After all are almost ceramics and the 
constituent fabricates a raw material or temporary- quenching powder in a 
predetermined configuration, it calcinates these conventional ceramic ingredients 
at an elevated temperature, and they are produced. In the electrostrictive 
ceramics of these former, by choosing the presentation ratio of a component, the 
electrostrictive ceramics of various properties is produced according to an 
application, and it is used for the application of an actuator, a ceramic filter, 
a piezo-electric buzzer, a piezo-electric ignition plug, an ultrasonic vibrator, 
etc . 
[0003] 

[Problem(s) to be Solved by the Invent ion] Neither the evaporation on [ PbO ] the 
production nor generation of a secondary phase escaped the conventional 
electrostrictive ceramics, and the ceramics in which the property which the 
ingredient system has enough is shown was not obtained. It was difficult to 
demonstrate enough the property which a sufficiently precise sintered compact is 
not obtained when alkaline earth elements, such as an element, for example, Sr 
etc., which checks especially a degree of sintering, are included, but the 
ingredient has. Then, it is the need to raise the degree of sintering and to 
control detailed structure, in order to obtain the ceramics with the outstanding 
property. 

[0 0 04] In order that this invention may solve said conventional problem, it can be 
sintered also at low temperature and aims at offering the piezoelectric-device 
ingredient which controlled the fine structure and improved the piezo-electric 
property of electrostrictive ceramics, and its manufacture approach. 

[0005] 

[Means for Solving the Problem] In order to attain said purpose, the 
piezoelectric -device ingredient of this invention is equipped with the 
configuration that Pb system ceramics with which the diameter of average crystal 
grain of the ceramics is 0.5-5 micrometers, and the particle of said mean 
particle diameter is distributed 90 % of the weight or more while being 0.5-5 
micrometers is included. 
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[0006] In said configuration, it is desirable that Pb system ceramics which the 
diameter of average crystal grain is 1-3 micrometers, and is distributed while 
the particle of said diameter of average crystal grain is 1-3 micrometers 75 % of 
the weight or more is included. 

[0007] Moreover, it sets in said configuration and a piezoelectric-device 
ingredient presentation is general formula Pbl-x Srx A TiB ZrC O (Mgl / 3 Nb 
2/3)3. It is shown (however, A+B+C«l) , 

It is desirable to use as a principal component the basic presentation with which 
are satisfied of 0 . 20<=A<=0 . 300 . 30<=B<=0 . 450 . 30<=C<=0 . 4G0 . 01<=x<=0 . 20 . 

[0008] Moreover, it sets in said configuration and is Fe 203. 0.01 - 0.2% of the 
weight of the thing for which range existence is recognized is desirable. 
Moreover, it sets in said configuration and a presentation is general formula 
Pb(nickell / 3 Kb 2/3) A TiB ZrC 03 . It is shown (however, A+B+C=l) , 
It is desirable to use as a principal component the basic presentation with which 
are satisfied of 0 . 40<=A<=0 . 550 . 15<=B<=0 . 300 . 10<=C< = 0 . 3 0 . 

[0009] Moreover, it sets in said configuration and is Fe 203. 0.01 - 0.5% of the 
weight of the thing for which range existence is recognized is desirable. 
Moreover, it sets in said configuration and a presentation is general formula 
Pbl-x Srx A TiB ZrC O (nickell / 3 Nb 2/3)3. It is shown (however, A+B+C=l) , 

It is desirable to use as a principal component the basic presentation with which 
are satisfied of 0 . 35<=A<=0 . 550 . 15<«B<=0 . 400 . 15<=*C<a=o .400 . 01<=x<=:0 . 10 . 

[0010] Moreover, it sets in said configuration and is Fe 203. 0.01 - 0.5% of the 
weight of the thing for which range existence is recognized is desirable. 
Moreover, it sets in said configuration and is general formula Pb (nickell / 3 Ta 
2/3) B TiC ZrD 03. It is shown (however, A+B+C=l) , 

at least one sort of metals chosen from alkaline earth metal and rare earth, 
elements in a part of Pb to the piezoelectric -device ingredient which uses as a 
principal component the basic presentation with which are satisfied of 
0.25<=A<*0.4S0.20<=B<=0.350.20<=C<=0.40 -- 0.01-0.2-mol % permuting and -- 
as an accessory constituent Fe 203 It is desirable to make 0.01 - 0.5 % of the 
weight exist. 

[0011] In said configuration a presentation Moreover, general formula Pbl-x Srx A 
(Mgl / 3 Nb 2/3) B TiC ZrD O (nickell / 3 Nb 2/3) 30r Pbl-x Srx A (Mgl/3Nb 2/3) B 
TiC ZrD 03 (nickell / 3 Ta 2/3) Or Pb (nickell / 3 Nb 2/3) A B TiC ZrD 03 (nickell 
/ 3 Ta 2/3) It is shown. (However, A+B+C+D=l) 

They are 0,01 - 0.5 % of the weight, and Fe 203 as an accessory constituent to 
the piezoelectric-device ingredient which uses as a principal component the basic 
presentation with which are satisfied of 

0.05<=A<=0.550.05<*B<=0.550.15<=C<=0.300.15<=D<==0.300.01<=x<=0.20 about at least 
one sort chosen from the oxide of rare earth elements. It is desirable to come to 
carry out addition content 0.05 to 0.5% of the weight. 

[0012] Next, the mean particle diameter of fine particles of the manufacture 
approach of the piezoelectric-device ingredient of this invention is 0.4 
micrometers or less. And the pulverized coal in which the particle size 
distribution of said fine particles contain the rate of a particle twice [ more 
than ] the magnitude of said mean particle diameter 7% of the weight or more is 
used as charge fine particles of sintering Maebaru. The charge fine particles of 
sintering Maebaru are sintered, and the diameter of average crystal grain of the 
ceramics is equipped with the configuration that the particle of 0.5-5 
micrometers and said mean particle diameter obtains the piezoelectric -device 
ingredient containing Pb system ceramics distributed 90 % of the weight or more 
while being 0.5-5 micrometers. 

[0013] It is desirable to have set in said configuration, for the volume of a 
fine-particles medium to be a 4 or less times [ of the true volume of fine 
particles ] amount, to have added and ground the dispersant, and to have used the 
minute ball 0.6mm or less. 
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[0014] 

[Function] According to the configuration of the piezoelectric-device ingredient 
of said this invention, by including Pb system ceramics which the diameter of 
average crystal grain of the ceramics is 0.5-5 micrometers, and is distributed 
while the particle of said mean particle diameter is 0.5-5 micrometers 90 % of 
the weight or more, the piezo-electric property of electros trictive ceramics, for 
example, the absolute value of a piezoelectric constant d31, is large, and 
electrostrictive ceramics also with the large value of other piezoelectric 
constants d3 3 and d!5 can be obtained. 

[0015] According to the desirable configuration that Pb system ceramics which the 
diameter of average crystal grain is 1-3 micrometers, and is distributed in the 
above while the particle of said diameter of average crystal grain is 1-3 
micrometers 75 % of the weight or more is includedWhen it is the ceramics with 
the precise magnitude of the pore which exists in the grain boundary section, 
depending on the crystal particle diameter, it can become sufficiently small, or 
the number can also decrease very much, and the property which an ingredient has 
can fully be demonstrated. 

[0016] Moreover , it sets above and a piezoelectric-device ingredient presentation 
is general formula Pbl-x Srx A TiB ZrC 0 (Mgl / 3 Nb 2/3)3. It is shown (however, 

A4-B + C=:l) , 

According to the desirable configuration of using as a principal component the 
basic presentation with which are satisfied of 

0 . 20<=A<=o . 300 .30<aB<=:0 . 450 . 30<=C<=0 .400 . 01<=x<=0 . 20 , it is a mol photograph 
pick. Phase It becomes the presentation near a boundary and they are 
specif ic- inductive-capacity epsilonr and an electromechanical coupling 
coefficient kp. And k31 is large and can obtain an ingredient with the big 
absolute value of a piezoelectric constant d31. 

[0 01 7] Moreover , it sets above and is Fe 203 . According to 0.01 - 0.2% of the 
weight of the desirable configuration of recognizing range existence, the precise 
ceramics is obtained with crystal particle diameter more detailed than the part 
to which burning temperature falls, and an ingredient with the big absolute value 
of a piezoelectric constant can be obtained. 

[00 18] Moreover , it sets in said configuration and a presentation is general 
formula Pb(nickell / 3 Nb 2/3) A TiB ZrC 03. It is shown (however, A+B+C=l) , 

According to the desirable configuration of using as a principal component the 
basic presentation with which are satisfied of 

0 ,40<«A<=0 . 550 .15<=B<=0 .300 . 10<=C<=0 . 30, it is a mol photograph pick. Phase It 
becomes the presentation near a boundary and they are specif ic- inductive -capacity 
epsilonr and an electromechanical coupling coefficient kp. And k31 is large and 
can obtain an ingredient with the big absolute value of a piezoelectric constant 
d31 . 

[0019] Moreover, it sets above and is Fe 203. According to 0.01 - 0.5% of the 
weight of the desirable configuration of recognizing range existence, the precise 
ceramics is obtained with crystal particle diameter more detailed than the part 
to which burning temperature falls, and an ingredient with the big absolute value 
of a piezoelectric constant can be obtained. 

[0020] Moreover, it sets in said configuration and a presentation is general 
formula Pbl-x Srx ATiB ZrC O (nickell / 3 Nb 2/3)3. It is shown (however, 
A+B+C=l) , 

The value of the part specific inductive capacity in which the Curie point falls 
according to the desirable configuration of using as a principal component the 
basic presentation with which are satisfied of 

0 .35<=A<=0 . 550 . 15<=B<=0 . 400 . 15<=C<=0 . 400 . 01<=x<=0 . 10 becomes large, and it is a 
mol photograph pick phase. It becomes the presentation near a boundary and an 
ingredient with the big absolute value of a piezoelectric constant d31 can be 
obtained. 

[0021] Moreover , it sets above and is Fe 203. According to 0.01 - 0.5% of the 
weight of the desirable configuration of recognizing range existence, the precise 
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ceramics is obtained with crystal particle diameter more detailed than the part 
to which burning temperature falls, and an ingredient with the big absolute value 
of a piezoelectric constant can be obtained. 

[00223 Moreover, it sets above and is general formula Pb (nickell / 3 Ta 2/3) B TiC 
ZrD 03. It is shown (however, A+B+C*l) , 

As opposed to the piezoelectric-device ingredient which uses as a principal 
component the basic presentation with which are satisfied of 

0.25<=A<=0.450.20<=B<=0.350.20<=C<=0.40It permutes, at least one sort of metals 
chosen from alkaline earth metal and rare earth elements in a part of Pb -- 
O.01-0.2-mol % as an accessory constituentFe 203 According to the desirable 
configuration of making 0.01 - 0.5 % of the weight existMol photograph pick It 
becomes the presentation near a phase boundary and they are 
specific-inductive-capacity epsilonr and an electromechanical coupling 
coefficient kp. And k31 is large and can obtain an ingredient with the big 
absolute value of a piezoelectric constant d31. 

[0023] In the above a presentation Moreover, general formula Pbl-x Srx A (Mgl / 3 
Nb 2/3) B TiC ZrD O (nickell / 3 Nb 2/3) 30r Pbl-x Srx A (Mgl / 3 Nb 2/3) B TiC 
ZrD 03 (nickell / 3 Ta 2/3) Or Pb (nickell / 3 Nb 2/3) A B TiC ZrD 03 (nickell / 3 
Ta 2/3) It is shown. (However, A+B+C+D=l) 

As opposed to the piezoelectric-device ingredient which uses as a principal 
component the basic presentation with which are satisfied of 

0 .05<=A<=0 . 550 . 05<=B<=0 . 550 . 15<=C<=0 .3 00 . 15<=D<=0 . 300 .01<=x<=0 . 20As an accessory 
constituent, they are 0.01 - 0.5 % of the weight, and Fe 203 about at least one 
sort chosen from the oxide of rare earth elements. According to the desirable 
configuration of coming to carry out addition content 0.05 to 0.5% of the weight, 
an ingredient with the big absolute value of a piezoelectric constant d31 can be 
obtained like the above. 

[0024] According to the configuration of the manufacture approach of the 
piezoelectric-device ingredient of this invention, the mean particle diameter of 
fine particles next, by 0.4 micrometers or lessAnd the pulverized coal in which 
the particle size distribution of said fine particles contain the rate of a 
particle twice [ more than 3 the magnitude of said mean particle diameter 7% of 
the weight or more is used as charge fine particles of sintering Maebaru. The 
diameter of average crystal grain of the ceramics by sintering the charge fine 
particles of sintering Maebaru by obtaining the piezoelectric -device ingredient 
containing Pb system ceramics distributed while the particle of 0,5-5 micrometers 
and said mean particle diameter is 0.5-5 micrometers 90 % of the weight or 
moreThe piezoelectric-device ingredient of said this invention can be 
manufactured rationally efficiently. 

[0025] Though it 'is a high concentration medium, since a fluidity is a good medium 
according to the desirable configuration of having set above, the volume of a 
fine-particles medium being a 4 or less times [ of the true volume of fine 
particles ] amount, having added and ground the dispersant, and having used the 
minute ball 0.6mm or less, it excels in homogeneity and the minute ball is used, 
contact surface area also increases and it can pulverize to a difficult particle 
size in the usual grinding time amount. Moreover, the diameter of average crystal 
grain of electrostrictive ceramics is 1-5 micrometers or less, and it is 
desirable to make it consist of a uniform organization. Moreover, the consistency 
is 97% or more, and it is desirable to have the organization which hardly 
contains pore . 
[00263 

[Example] This invention is explained still more concretely using an example 
below, as the electrostrictive ceramics used by this invention -- as an example 
-- Pbl-x Srx A TiB ZrC O (Mgl / 3 Nb 2/3)3 Or Pb (nickell / 3 Nb 2/3) A Ti-B ZrC 03 
Or it is shown by Pb (nickell / 3 Ta 2/3) A TiB ZrC 03 (however, A+B+C-l) . Or 
Pbl-x Srx A (Mgl / 3 Nb 2/3) B TiC ZrD 0 (nickell/3Nb 2/3)3orPbl-x Srx A (Mgl / 3 
Nb 2/3) (nickell / 3 Ta 2/3) B TiC ZrD 03 Or it is shown by Pb (nickell / 3 Nb 
2/3) A B TiC ZrD O (nickell / 3 Ta 2/3)3 (however, A+B+C+D=l) . The degree of 
sintering of these ingredients system is raised, and it can sinter also at low 
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temperature, and sets it as the purpose of this invention to establish a thing [ 
a thing ] controlled the fine structure and which carries out electros trictive 
ceramics production, and its manufacture approach. Although an organic solvent is 
mixed as a dispersant about the grinding although approaches, such as pulverizing 
raw material fine particles as the manufacture approach, are taken in that case, 
and a high-concentration slurry is used, it is also important to adjust the 
hydrogen ion concentration of the slurry, when using raw material powder into 
which the hydrogen ion concentration of a slurry is changed a lot, and to prevent 
gelation of a slurry. 

[0027] When an example of this invention is shown, a presentacion as 
electrostrictive ceramics powder Pb0.9 SrO.l (Mgl / 3 Nb 2/3) 0.255 
TiO .38ZrO .365, and Pb (nickell / 3 Nb 2/3 ) 0 . 45TiO . 35Zr 0.203 etc. after adding 
the dispersant and water of an organic system and grinding raw material powder in 
mean particle diameter of about 0.2 micrometers with a zirconia ball with a 
diameter of 0.6mm using a medium stirrer mill, it was made to dry, and it corned. 
A disc-like Plastic solid with a diameter [ of 13mm ] and a thickness of about 
1mm is produced for these fine particles using metal mold, it calcinates at low 
temperature rather than the usual burning temperature for 2 hours, and the 
electrostrictive ceramics which controlled the fine structure is manufactured. 

[0028] In addition, it sets in the following examples and is epsilon: dielectric 
constant and epsilon 0. : The dielectric constant in a vacuum, kp : The 
electromechanical coupling coefficient of the direction vibration of a path and 
the piezoelectric constant of a direction perpendicular to a d31:minute polar 
axis are shown, respectively. 

[0029] (Example 1) They are PbO, SrC03 , MgO, Nb 205, Ti02, and Zr02 as raw 
material powder. It uses and was made for a presentation to become as for it to 
be shown in the 1st table. Pure water and a dispersant were added to the mixed 
fine particles blended with the predetermined presentation, it considered as the 
slurry, and preferential grinding was performed using the medium stirrer mill. 
Each presentation is 0.2, measuring the mean particle diameter after preferential 
grinding with a laser type particle diameter measuring instrument, mum It was 
made to become below. Temporary quenching of the obtained mixed powder was 
carried out for 2 hours. Furthermore, using the medium stirrer mill, with the 
zirconia ball with a diameter of 0.6mm, the dispersant and water of an organic 
system were added and it ground in mean particle diameter of about 0.4 
micrometers or less. Grinding from which the mean particle diameter to which 
grinding is not progressing for the example of a comparison differs was also 
performed. This was dried and the raw material powder before sintering was 
obtained. This powder was mixed with the organic binder, the 5 00 -micrometer 
screen was passed, and the particle size regulation was carried out. The 
disc-like Plastic solid with a diameter [ of 13mm j and a thickness of about 1mm 
was produced for these fine particles using metal mold, this was calcinated with 
the electric furnace for 2 hours, and electrostrictive ceramics was produced. A 
temperature up and a temperature fall rate are 300 degrees C/h. Next, the vacuum 
evaporationo electrode of Cr-Au is respectively given to both sides of a sample, 
and it is 3kV/mm between two electrodes in a 120 -degree C silicone oil after 
that. Direct-current electric field were impressed for 30 minutes, polarization 
processing was carried out and the piezoelectric device was obtained. About this 
sample, the piezo-electric property was measured, and the fine structure was 
observed from the SEM photograph, and distribution of the diameter of crystal 
grain was searched for by the intercepting method. A measurement result is shown 
in (Table 1) . 

[0030] 

[Table 1] 
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Ho. 


X 


A 


B 


C 


mm 

u m 


£/e 0 


S 
% 


d 31 xiC" A0 
n/Y 


mm 

u m 


* 1 


0. 1 


0. 255 


0.4 


0. 345 


0. 37 


46 53 


54. 3 


-2.25 


2. 5 


* 2 


0. L 


0. 255 


0. 385 


0. 35 


0. 36 


50 42 


57. 8 


-2. 44 


2. 4 


* 3 


0. 1 


0. 255 


0. 33 


0. 355 


0. 33 


53S0 


60. 9 


-2. 85 


2. 9 


t 4 


0. 1 


0. 255 


0. 385 


0. 36 


J. 39 


54 70 


65. 7 


-3.28 


2. 1 


? 5 


0. 1 


0. 255 


Q. n 


0. 365 


0. 37 


532(1 


66. 5 


-3. 27 


2. 5 


4 6 


0. L 


0. 255 


0. 375 


0. 37 


0. 36 


4570 


66. 2 


-3. 02 


2.4 


* 7 


D. 1 


0. 255 


0. 37 


0. 375 


0. 37 


3 S 5 0 


63. 2 


-2. 35 


2. 5 


* 8 


0. L 


0. 255 


0. 365 


0. 38 


0. 36 


3150 


60. 6 


-I. 74 


2. 4 


* 9 


0. 05 


0. 255 


0. 38 


0. 365 


0. 33 


1830 


64. 0 


-2. 32 


2. 9 


*L0 


0. IS 


0. 255 


0. 38 


0. 365 


a 33 


33 00 


65. 5 


-3. 16 


2. 9 


11 


0. 25 


0. 255 


0. 38 


0. 365 


0. 33 


4890 


65. 2 


-3. 12 


2. 8 


*12 


0. 1 


0. 255 


0. 32 


0. 365 


0. 22 


5303 


67. 7 


-3. 53 


i. 5 


M3 


0. 1 


0. 255 


0. 38 


0. 365 


0. 63 


5218 


66. 6 


-3. 42 


2. 4 


U 


0. 1 


0. 255 


0. 38 


0. 365 


1. 0 


5342 


63. 3 


-3. 22 


3. 9 


15 


0. 1 


0. 255 


0. 38 


0. 365 


3.2 


5071 


59. 9 


-2. 96 


5, 1 



[0031] The electrostrictive ceramics of this invention is No. 12 -No. 14 of the same 
presentation so that clearly from (Table 1) . Improvement is found also about 
which piezo-electric property. In this example, when mean particle diameter uses 
pulverized coal 0.4 micrometers or less, it can calcinate at 1200-degree C low 
temperature, and when the fine structure controlled, the property of 
electrostrictive ceramics is improving greatly. Moreover, average powder particle 
size is 0.22 micrometers. No. 12 And 0.63 micrometers No. 13 The ratios of fine 
particles twice [ more than ] the magnitude of the mean particle diameter are 
3wt(s)% and more than 6wt% ( respectively, and it is No. 14 and No. 15. That was 
8wt%13wt%, respectively. Namely, No . 14 to which the ratio of fine particles twice 
[ more than ] the magnitude of mean particle diameter produced the particle size 
distribution of the fine particles which are the examples of a comparison from 
the pulverized coal beyond 7wt% and No. 15 Since the fine structure cannot be 
controlled and pulverizing has not been carried out to coincidence, either, the 
diameter of crystal grain is set to 5.1 micrometers, burning temperature is also 
high, and a property is not good, either. 

[0032] (Example 2) They are PbO, SrC03, MgO, Nb 205, Ti02 , Zr02 , and Fe 203 as raw 
material powder. It uses and was made for a presentation to become as for it to 
be shown in the 2nd table. Pure water and a dispersant were added to the mixed 
fine particles blended with the predetermined presentation, it considered as the 
slurry, and preferential grinding was performed using the medium stirrer mill. 
Each presentation is 0.2, measuring the mean particle diameter after preferential 
grinding with a laser type particle diameter measuring instrument, mum It was 
made to become below. Temporary quenching of the obtained mixed powder was 
carried out for 2 hours. Furthermore, using the medium stirrer mill, with the 
zirconia ball with a diameter of 0.6mm, the dispersant and water of an organic 
system were added and it ground in mean particle diameter of about 0.4 
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micrometers or less. This was dried and the raw material powder before sintering 
was obtained. This powder was mixed with the organic binder, the 500-micrometer 
screen was passed, and the particle size regulation was carried out. The 
disc-like Plastic solid with a diameter [ of 13mm ] and a thickness of about 1mm 
was produced for these fine particles using metal mold, this was calcinated with 
the electric furnace for 2 hours, and electrostrictive ceramics was produced. A 
temperature up and a temperature fall rate are 3 00 degrees C/h. Next, the vacuum 
evaporationo electrode of Cr-Au is respectively given to both sides of a sample, 
and it is 3kV/mm between two electrodes in a 120-degree C silicone oil after 
that. Direct-current electric field were impressed for 30 minutes, polarisation 
processing was carried out and the piezoelectric device was obtained. About this 
sample, the piezo-electric property was measured, and the fine structure was 
observed from the SEM photograph, and distribution of the diameter of crystal 
grain was searched for by the intercepting method. A measurement result is shown 
in (Table 2) . 



[0033] 
[Table 2] 



Pb 0.9 Sr 0. 1 (M *l/3 Nb J 


,31 ) A Ti, ZrCO, ff Fe, O s 




No. 


y 


A 


B 


c 


V. m 




% 


*3l Xir 
ffl/Y 


li m 


* 1 


0 


0. 255 


o. n 


0. 365 


0. 37 


5130 


63.7 


-3. 06 


J. 5 


* 2 


0. 05 


0. 255 


o. n 


0. 365 


0. 36 


5420 


64.9 


-3.38 


I. 4 


* 3 


0. 1 


0. 255 


o. n 


0. 365 


0. 33 


5360 


65.2 


-3. 40 


2. 9 


* 4 


0. 15 


». 255 


0. 38 


0. 365 


0. 39 


5210 


64.7 


-3.29 


2. I 


* 5 


0.2 


0. 255 


o. n 


0. 365 


0. 37 


5120 


62. 5 


-3. 27 


I. 5 


* 6 


0. 25 


0. 255 


0. 38 


0. 365 


0.36 


5050 


61.5 


-3.02 


2. t 


* 7 


0. 1 


t. 255 


0, 4 


0, 345 


137 


5150 


58.2 


-2. 25 


2. S 


* 8 


0. 1 


0.255 


0. 37 


0, 375 


0. 37 


3850 


61.7 


-2. 35 


2. 5 


* 9 


0. 1 


0. 255 


0. 365 


0. 38 


0. 36 


3160 


59.6 


-1. U 


2. i 



[0 034] Improvement in a piezo-electric property is found rather than No.l of the 
presentation with the single electrostrictive ceramics of No. 2 -No. 9 of this 
example so that clearly from (Table 2) . In this example, the mean particle 
diameter to which particle size distribution was adjusted uses pulverized coal 
0.4 micrometers or less, and it is Fe 203 further. By adding, it can. calcinate at 
1200-degree C low temperature, and the property of electrostrictive ceramics is 
improving greatly by having controlled the fine structure. 
[0035] (Example 3) They are PbO, SrC03 , MgO, Nb 205, Ti02 , and Zr02 as raw 
material powder. It uses and was made for a presentation to become as for it to 
be shown in the 3rd table. Pure water and a dispersant were added to the mixed 
fine particles blended with the predetermined presentation, it considered as the 
slurry, and preferential grinding was performed using the medium stirrer mill. 
Each presentation is 0.2, measuring the mean particle diameter after preferential 
grinding with a laser type particle diameter measuring instrument, mum It was 
made to become below. Temporary quenching of the obtained mixed powder was 
carried out for 2 hours. Furthermore, using the medium stirrer mill, with the 
zirconia ball with a diameter of 0.6mm, the dispersant and water of an organic 
system were added and it ground in mean particle diameter of about 0.4 
micrometers or less. Grinding from which the mean particle diameter to which 
grinding is not progressing for the example of a comparison differs was also 
performed. This was dried and the raw material powder before sintering was 
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obtained. This powder was mixed with the organic binder, the 500 -micrometer 
screen was passed, and the particle size regulation was carried out. The 
disc-like Plastic solid with a diameter [ of 13mm ] and a thickness of about 1mm 
was produced for these fine particles using metal mold, this was calcinated with 
the electric furnace for 2 hours, and electrostrictive ceramics was produced. A 
temperature up and a temperature fall rate are 300 degrees C/h. Next, the vacuum 
evaporationo electrode of Cr-Au is respectively given to both sides of a sample, 
and it is 3kV/mm between two electrodes in a 120-degree C silicone oil after 
that. Direct -current electric field were impressed for 3 0 minutes, polarization 
processing was carried out and the piezoelectric device was obtained. About this 
sample, the piezo-electric property was measured, and the fine structure was 
observed from the SEM photograph, and distribution of the diameter of crystal 
grain was searched for by the intercepting method. A measurement result is shown 
in (Table 3) . 

[0036] 

[Table 3] 



Pb l-r Sr i <Ni, 


t\ Nb 2/3 > A Ti B Z 'C °3 


Ho. 


X 


A 


B 


c 


mm 

Aim 




k P 

V 

% 


d,,xio' 10 
e/Y 


mtm 

(i m 


* 1 


0 


0. 4 


0. 33 


0. 22 


I 35 


4610 


62. 1 


-3. 08 


2. 7 


* 2 


0 


0. 45 


0. 385 


0. 185 


0. 32 


5519 


57. t 


-2. 18 


2. 3 


* 3 


0 


0. 45 


0. 360 


0. 190 


0. 35 


5190 


67. 0 


-3. 53 


2. 9 


* 4 


0 


0. 45 


0. 355 


0. 195 


0. 34 


6200 


63. 4 


-3. 48 


I 6 


* 5 


0 


0. 45 


0. 350 


0. 200 


0. 35 


5950 


66. 2 


-3. 66 


I 9 


6 


9 


0. 45 


0. 3S0 


0. 200 


3. 2 


5190 


61. 2 


-3. 03 


5. 5 


* 7 


0 


0. 45 


0. 345 


0. 205 


0. 36 


568(1 


59. 7 


-3. 03 


I 8 


* 8 


0. 02 


0. 45 


0. 3T5 


0. 37 


0. 36 


45 70 


66. 2 


-3. 02 


2. 4 


* 9 


0. 05 


0. 45 


0. 31 


0. 375 


0. 37 


3350 


53. 2 


-2. 35 


2, 5 


to 


0. OT 


0. 45 


0. 365 


0. 38 


0. 36 


31(9 


60. 6 


-1. 74 


2. 4 


li 


0 


0, 475 


0. U5 


0. 3S0 


2. 9 


5123 


55.6 


-2. 63 


6. 3 


12 


0 


0. 475 


0. no 


0. 355 


2. 8 


5410 


57. 8 


-2. 89 


6. 3 


13 


0 


0. 475 


0. 115 


0. 350 


2. 6 


5710 


60. Z 


-3. 23 


6. i 


U 


0 


0. 475 


0. 180 


0. 3(5 


2. 7 


5480 


63. 7 


-3. 37 


5. 8 


15 


0 


0. 475 


0.185 


0. 340 


3. 1 


4580 


63. 7 


-3. 02 


6. 1 


16 


0 


0. 475 


0. ISO 


0. 335 


3. 0 


3850 


60. 2 


-2. 51 


5. 9 


17 


0 


0. 475 


0. 195 


0. 330 


3. 2 


3330 


56. 5 


-2. 13 


6. 2 


18 


0 


0. 475 


0. 200 


0. 325 


3. 2 


2780 


55.2 


-L 85 


6. 2 


*I9 


0 


0.475 


0. 180 


0. 345 


0. 22 


6420 


66. 3 


-3. 82 


2. 8 


*20 


0 


0. 5 


0. 175 


0. 325 


0. 28 


6820 


61, 3 


-3. 77 


2. 9 



[003 7] Improvement is found also about No.l-No.5 of the presentation, with the same 
electrostrictive ceramics of this example, No. 7 -No. 9 and No. 19, and which 
piezo-electric property of 2 0 so that clearly from (Table 3) . In this example, 
when the mean particle diameter to which particle size distribution was adjusted 
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uses pulverized coal 0.4 micrometers or less, it can calcinate at 1200 -degree C 
low temperature, and when the fine structure controlled, the property of 
electrostrictive ceramics is improving greatly. It does not pulverize, but 
crystal particle diameter is set to 5 micrometers or more, and the burning 
temperature of each example of a comparison which cannot be controlling the fine 
structure is also high, and it is not good. [ of a property ] 
[0038] (Example 4) They are PbO, SrC03 , MgO, Nb 205, Ti02 , and Zr02 as raw 
material powder. It uses and was made for a presentation to become as for it to 
be shown in the 4th table. Pure water and a dispersant were added to the mixed 
fine particles blended with the predetermined presentation, it considered as the 
slurry, and preferential grinding was performed using the medium stirrer mill. 
Each presentation is 0.2, measuring the mean particle diameter after preferential 
grinding with a laser type particle diameter measuring instrument, mum It was 
made to become below. Temporary quenching of the obtained mixed powder was 
carried out for 2 hours. Furthermore, using the medium stirrer mill, with the 
zirconia ball with a diameter of 0.6mm, the dispersant and water of an organic 
system were added and it ground in mean particle diameter of about 0.4 
micrometers or less. Grinding from which the mean particle diameter to which 
grinding is not progressing for the example of a comparison differs was also 
performed. This was dried and the raw material powder before sintering was 
obtained. This powder was mixed with the organic binder, the 500 -micrometer 
screen was passed, and the particle size regulation was carried out. The 
disc-like Plastic solid with a diameter [ of 13mm ] and a thickness of about 1mm 
was produced for these fine particles using metal mold, this was calcinated with 
the electric furnace for 2 hours, and electrostrictive ceramics was produced. A 
temperature up and a temperature fall rate are 300 degrees C/h. Next, the vacuum 
evaporationo electrode of Cr-Au is respectively given to both sides of a sample, 
and it is 3kV/mm between two electrodes in a 120-degree C silicone oil after 
that. Direct-current electric field were impressed for 30 minutes, polarization 
processing was carried out and the piezoelectric device was obtained. About this 
sample, the piezo-electric property was measured, and the fine structure was 
observed from the SEM photograph, and distribution of the diameter of crystal 
grain was searched for by the intercepting method. A measurement result is shown 
in (Table 4) . 
[0039] 
[Table 4] 
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Pb (Ni i/3 Ta m 



Zr c O, 



No. 


3C 


A 


B 


C 


mm 






d 31 xiO" i0 














p. m 




% 


q/Y 


u m 


* 1 


0 


0. 450 


0.350 


0. 200 


3. 3 


970 0 


24.7 


-1.34 


6. 4 


i 2 


0 


0. 400 


0. 332 


0. 218 


3. 5 


5520 


55. 7 


-3. 16 


6. 2 


* 3 


0 


0. 375 


0. 398 


0. 227 


3. 5 


4530 


54.9 


-3. 04 


6. 7 


4 4 


1) 


Q. 350 


0. 414 


0. 236 


3.4 


3540 


54.5 


-2. 16 


6. 1 


* 5 


0 


0. 300 


0. (45 


0. 255 


3. 6 


I960 


44. 7 


-1. 09 


6. 2 


1 6 


1) 


0. 380 


0. 405 


0. 215 


1 4 


589 9 


52.3 


-2.45 


6. 5 


1 7 


(I 


0. 380 


9. 400 


0. 220 


3. 6 


6 740 


52.6 


-2. 85 


6. 4 


t a 


0 


0. 380 


0. 395 


0. 225 


3. 9 


6520 


55.8 


-2. 94 


6. 2 


* 9 


6 


0. 380 


0. 390 


0. 230 


3. 5 


6190 


53.8 


-2.86 


6.4 


no 


0 


0. 380 


0. 385 


0. 235 


3. 8 


4 42 0 


46. 0 


-2.74 


6. 3 


m 


0 


0. 450 


0. 350 


0. 200 


0. 35 


9700 


27.6 


-1. 59 


2. 8 


*12 


0 


0. 400 


0. 392 


0.218 


0. 32 


6010 


57, 8 


-3.41 


2.3 


♦13 


0 


0. 375 


0. 398 


0. 227 


0. 35 


5190 


59. 2 


-3, 29 


2. 8 


♦14 


0 


0. 350 


0.414 


0. 236 


0. 34 


4150 


55.7 


-2. 42 


2. 8 


♦15 


0 


0. 300 


0.445 


0.255 


0. 35 


2460 


47,7 


-L 36 


2. 4 


*16 


0 


0. 380 


0. 40S 


0. 215 


0. 32 


6500 


53, 9 


-2.75 


1 9 


♦17 


0 


0. 380 


0. 400 


0. 220 


0. 36 


7 340 


55.9 


-3. 10 


2. 3 


♦18 


0 


0. 380 


0. 395 


0. 22 5 


0. 36 


7110 


58.3 


-3. 23 


2. 5 


♦19 


0 


0. 380 


0. 390 


0. 230 


0. 37 


6830 


58.0 


-3. 15 


2. 6 


*20 


0 


0. 380 


0. 385 


0. 235 


0, 36 


4S80 


50. 6 


-2.20 


2.4 



[0040] It is No. 10 -No. 20 of this example so that clearly from (Table 4) . 
Electros trictive ceramics is No. 1 -No. 10 of which the same presentation. 
Improvement in a piezo -electric property is found as compared with 
electrostrictive ceramics. In this example, when the mean particle diameter to 
which particle size distribution was adjusted uses pulverized coal 0.4 
micrometers or less, it can calcinate at low temperature and the property of 
electrostrictive ceramics is improving greatly by having controlled the fine 
structure . 

[0041] (Example 5) They are PbO, SrC03 , MgO, Nb 205, Ti02 , and Zr02 as raw 
material powder. It uses and was made for a presentation to become as for it to 
be shown in the 5th table. Pure water and a dispersant were added to the mixed 
fine particles blended with the predetermined presentation, it considered as the 
slurry, and preferential grinding was performed using the medium stirrer mill. 
Each presentation is 0.2, measuring the mean particle diameter after preferential 
grinding with a laser type particle diameter measuring instrument, mum It was 
made to become below. Temporary quenching of the obtained mixed powder was 
carried out for 2 hours. Furthermore, using the medium stirrer mill, with the 
zirconia ball with a diameter of 0.6mm, the dispersant and water of an organic 
system were added and it ground in mean particle diameter of about 0.4 
micrometers or less. Grinding from which the mean particle diameter to which 
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grinding is not progressing for the example of a comparison differs was also 
performed. This was dried and the raw material powder before sintering was 
obtained. This powder was mixed with the organic binder, the 500 -micrometer 
screen was passed, and the particle size regulation was carried out. The 
disc- like Plastic solid with a diameter [ of 13mm 1 and a thickness of about 1mm 
was produced for these fine particles using metal mold, this was calcinated with 
the electric furnace for 2 hours, and electrostrictive ceramics was produced. A 
temperature up and a temperature fall rate are 300 degrees C/h. Next , the vacuum 
evaporationo electrode of Cr-Au is respectively given to both sides of a sample, 
and it is 3kV/mm between two electrodes in a 120-degree C silicone oil after 
that. Direct-current electric field were impressed for 30 minute3, polarization 
processing was carried out and the piezoelectric device was obtained. About this 
sample, the piezo-electric property was measured, and the fine structure was 
observed from the SEM photograph, and distribution of the diameter of crystal 
grain was searched for by the intercepting method. A measurement result is shown 
in (Table 5) . 

[0042] 

[Table 5] 



S r 



Ho. 


X 


A 


B 


C 


D 


mm 

ti m 




S 
% 


djjXlO" 10 
«/Y 


mm 

ju m 


* 1 


i. 02 


0. 05 


0. 35 


0. 35 


0.25 


0. 35 


5210 


64. 1 


-3. 45 


2. 7 


* 2 


0. 04 


0. 10 


0. 21 


0. 35 


0.34 


0. 32 


5550 


64. 6 


-3.53 


2. 3 


* 3 


0. 06 


0. 15 


0. U 


0. 36 


0.35 


0. 35 


5160 


65. 5 


-3. 58 


2. 0 


* 4 


0. 08 


0. 20 


0. 07 


0. 36 


0.37 


0. 34 


5S70 


66. 4 


-3.60 


2.6 


Pb H Sr i CM *l/3 Nb 2/3 ) A < Ni i/3 Ta 2/3 > 8 T1 C Zr 0 °3 


* 5 


0. 02 


0. 05 


0. 35 


0. 38 


0.22 


0. 35 


5880 


60.8 


-3. 32 


2. 7 


* 6 


0. 04 


0. 10 


0.21 


0. 38 


0. 31 


0. 32 


5510 


62.5 


-3. 28 


2. 5 


* 7 


0. 06 


0. 15 


0. 14 


0. 38 


0. 33 


0. 35 


5350 


63. 0 


-3. 23 


2. 6 


* 8 


0. 08 


0. 20 


0. 07 


0. 38 


0.35 


0. 34 


5L40 


63.4 


-3. 11 


2. 9 


Pb l-, Sr x CNI 1/3 Nb 2/3 ) A (Ni l/3 Ta 2 


/3 ) B Ti C Zr D °3 


* 9 


0 


0. 05 


0. 35 


0. 35 


0. 30 


0. 35 


6510 


59. 4 


-3. 6i 


2. 3 


*10 


0 


0. 10 


0.21 


0. 35 


0. 34 


0. 32 


6210 


61.7 


-3. 58 


2. 4 


♦ It 


0 


0. 15 


0. 14 


0. 35 


0.36 


0. 35 


5990 


62.9 


-3. 56 


2. 3 


♦12 


0 


0. 20 


0. 07 


0. 36 


0. 31 


0. 34 


5700 


63. 6 


-3. 55 


2. 7 




[0043] When the mean particle diameter to which particle size distribution was 
adjusted uses pulverized coal 0.4 micrometers or less in this example from (Table 
5) , it can calcinate at low temperature and the property is improving greatly 
from the conventional property by having controlled the fine structure. 

[0044] 

[Effect of the Invention] As mentioned above, the piezo-electric property of 
electrostrictive ceramics can be raised by reducing burning temperature by 
pulverizing by the medium stirrer mill, and controlling the fine structure by 
electrostrictive ceramics of this invention. 



- 13 - 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

fc^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□'faded TEXT OR DRAWING 
—^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

-IREFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: , 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



